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AB Smooth muscle cell (SMC) migration is an early response to vascular injury 
and contributes to the development of intimaT thickening. Upregulation of 
several components of the plasminogen activator (PA) system has been 
documented after vascular injury. Utilizing a Transwell filter assay 
system and human umbilical vein SMCs, we sought to define the role of four 
different PA system components on SMC migration and matrix invasion: (1) 
PAs, (2) plasmin, (3) PA receptors, and (4) PA clearance receptors (ie, 
low density lipoprotein receptor-related protein [LRP] ) . 
Addition of active two-chain urokinase-type PA (UPA) stimulated random 
migration (192 +/- 30% of control, 0.36 nmol/L, P < .001). The 
stimulation was inhibited by pretreatment with diisopropylf luorophosphate, 
PA inhibitor type 1 (PAI-1) , or aprotinin, a plasmin inhibitor. Augmented 
migration was also observed with either low-molecular-weight UPA or the 
amino terminal fragment of UPA (ATF) , with the effects being additive. 
Stimulation by ATF alone, however, was not inhibited by aprotinin. The 
stimulatory effect was not specific for UPA, in that tissue-type PA ( 
TPA) also increased migration (169 +/- 9% of control, 10 nmol/L, P 
< .001); the augmentation was inhibited by pretreatment with DFP, PAI-1, 
or aprotinin and was additive to the UPA effect. Antibodies to the UPA 
receptor but not -5 ' -nucleotidase (another glycosylphosphatidylinositol- 
anchored cell surface protein) inhibited baseline and UPA-stimulated 
migration. Similarly, both UPA and TPA stimulated invasion of a 
collagen gel; this augmentation was inhibited by aprotinin, whereas 
antibodies to the UPA receptor reduced baseline invasion. Finally, we 
tested whether inhibition of LRP function, which mediates 

internalization of PA/inhibitor complexes, affected either process. Both 

antibodies to LRP and recombinant receptor associated protein, a 

known inhibitor of ligand binding to the LRP, significantly 

inhibited migration but did not affect collagen gel invasion. These data 

demonstrate the ability of several components of the PA system to modulate 

SMC migration and invasion in vitro via plasmin-dependent and -independent 

mechanisms . 
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AB The low density lipoprotein receptor-related protein (LRP) is a 

large multifunctional receptor that is involved in the cellular uptake of 
a number of functionally diverse ligands including apoE-rich remnant 
lipoproteins, lipoprotein lipase, alpha 2 -macroglobulin-protease 
complexes, plasminogen activator- inhibitor complexes, and the active 
protease tissue-type plasminogen activator. Ligand binding and 
competition experiments suggest that most LRP ligands bind to 
specific, independent sites on the large 515 -kDa subunit of the receptor. 
In a previous study (Moestrup, S.K., Holtet, T.L., Etzerodt, M. , 
Thogersen, H.C., Nykjaer, A., Andreasen, P. A. , Rasmussen, H.H., 
Sottrup- Jensen, L., and Gliemann, J. (1993) J. Biol. Chemical 268, 
13691-13696) , ligand blotting was used to localize the binding sites for 
urokinase -type plasminogen activator-plasminogen activator inhibitor-1 
(PAI-1) complexes and for alpha 1-macroglobulin to a proteolytic fragment 
of LRP containing the second cluster of complement -type 

cysteine-rich repeats. Here, we have used a recombinant DNA approach to 
express functionally restricted chimeric "LRP-minireceptors " 
containing two different regions of the extracellular domain of the 
receptor in cultured cells. Receptor-associated protein, a negative 
modulator of LRP activity, is bound and internalized by cells 
transfected with either construct. A minireceptor containing the cluster 
of eight complement- type cysteine-rich repeats followed by four epidermal 
growth factor precursor homologous domains binds and internalizes 
1251-labeled plasminogen activator-PAI-1 complexes. It also mediates the 
cellular uptake of the uncomplexed protease tissue-type plasminogen 
activator (tPA) , suggesting that the tPA and PAI-1 
binding sites on LRP are in close vicinity and might promote 
cooperative binding of tPA-PAI-1 complexes. However, alpha 
2-macroglobulin is not internalized by this minireceptor suggesting that 
this ligand requires the presence of a single epidermal growth 
factor-repeat which is contained in the previously studied proteolytic 
fragment but is absent from the minireceptor. 
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AB BACKGROUND: Clinical application of tissue plasminogen activator ( 
TPA) as a fibrinolytic agent is complicated by its rapid clearance 
from the bloodstream, which is caused by TPA liver uptake. The 
mannose receptor on endothelial liver cells and the LDL receptor-related 
protein (LRP) on parenchymal liver cells were reported to 
contribute to liver uptake. METHODS AND RESULTS: In this study, we 
addressed whether TPA clearance can be delayed by inhibiting 
receptor-mediated endocytosis of TPA. A series of cluster 
mannosides was synthesized, and their affinity for the mannose receptor, 
was determined. A cluster mannoside carrying six mannose groups (M6L5) 
displayed a subnanomolar affinity for the mannose receptor (Ki = 0.41 +/- 
0.09 nmol/L) . Preinjection of M6L5 (1.2 mg/kg) reduced the clearance of 
125I-TPA in rats by 60% because of specific inhibition of the 
endothelial cell uptake. The low toxicity of M6L5, combined with its 
accessible synthesis and high specificity for the mannose receptor, makes 
it a promising agent to improve the pharmacokinetics of TPA. 
Blockade of LRP by 39-kD receptor-associated protein (GST-RAP) 
also inhibited TPA clearance by 60%. Finally, combined 

preinjection of M6L5 and GST-RAP almost completely abolished reduced liver 

uptake of TPA and delayed its clearance by a factor of 10. 

CONCLUSIONS: It can be concluded that (1) the mannose receptor and 

LRP appear to be the sole major receptors responsible for 

TPA clearance and (2) therapeutic levels of TPA can be 

maintained for a prolonged time span by coadministration of the 

aforementioned receptor antagonists. 
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AB Our studies have identified a soluble molecule in normal human plasma and 

serum with the characteristics of the alpha-chain of the low density 

lipoprotein receptor-related protein (LRP) . LRP is a 

large multifunctional receptor mediating the clearance of diverse ligands, 
including selected lipoproteins, various protease inhibitor complexes, and 
thrombospondin . A soluble molecule (sLRP) has been isolated from plasma 
using an affinity matrix coupled with methylamine-activated 
alpha2-macroglobulin, the ligand uniquely recognized by LRP, and 
eluted with EDTA. This eluate contains a protein that co-migrates on 
SDS-polyacrylamide gel electrophoresis with authentic human placental 
LRP alpha-chain, is recognized by anti-LRP alpha-chain 

monoclonal antibodies, and binds the 39-kDa receptor-associated protein 
(RAP) and tissue plasminogen activator-inhibitor complexes. A similar 
RAP-binding molecule was detected in medium conditioned for 24 h by 
primary cultures of rat hepatocytes, suggesting that the liver may be the 
in vivo source of sLRP. In contrast, immunoprecipitation experiments 
failed to detect the production of sLRP by cultured HepG2 hepatoma and 
primary human fibroblast cells. Addition of a soluble form of LRP 
to cultured HepG2 cells resulted in a significant inhibition of capacity 
of these cells to degrade tPA, a process that has been 
demonstrated to be mediated by cell surface LRP. Preliminary 
data indicate that the concentration of sLRP is altered in the plasma of 
patients with liver disease. Increased levels of sLRP may antagonize the 
clearance of ligands by cell bound LRP perturbing diverse 
processes including lipid metabolism, cell migration and extracellular 
proteinase activity. 
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AB The multiligand receptor, low density lipoprotein receptor-related protein 
(LRP) , is implicated in processes such as atherosclerosis and 
fibrinolysis through its mediation of the catabolism of lipoproteins, 
proteases, and protease inhibitor complexes. The hepatoma cell line Hep 
G2 expresses LRP and has been used widely to investigate the 
catabolism of LRP ligands including tissue-type plasminogen 
activator (tPA) . However, the mechanism and degree by which 
tPA interacts with Hep G2 has been reported with some 
inconsistencies which may reflect variation in their level of LRP 
expression. To address this possibility we characterized, antigenically 
and functionally, LRP expression in high and low passage Hep G2 
cells both from the parental line (ATCC sourced) and a cloned subline, 
al6. The LRP contribution to 1251-tPA binding varied 

from 65% for high passage al6 cells, to 20% for low passage parent cells 
as quantified by inhibition in the presence of 39-kD receptor associated 
protein (RAP) which prevents binding of all known LRP ligands. 
The same trend in LRP expression among Hep G2 sublines was 
further evident in their ability to degrade 1251-tPA and survive 
Pseudomonas exotoxin A challenge. These results imply wide variability in 
basal LRP expression among Hep G2 lines dependent on cell 
lineage and long-term culture conditions. 
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AB The low-density lipoprotein (LDL) receptor-related protein (LRP) 

is a multifunctional endocytic receptor that is expressed abundantly in 
neurons of the CNS. Both LRP and several of its ligands, 
including tissue plasminogen activator (tPA) , apolipoprotein 
E/lipoproteins, alpha (2 ) -macroglobulin, and the beta-amyloid precursor 
protein, have been implicated in various neuronal functions and in the 
pathogenesis of Alzheimer's disease. It has been reported that induction 
of tPA expression may contribute to activity-dependent synaptic 
plasticity in the hippocampus and cerebellum. In addition, long-term 
potentiation (LTP) is significantly decreased in mice lacking tPA 

Here we demonstrate that tPA receptor LRP is 
abundantly expressed in hippocampal neurons and participates in 
hippocampal LTP. Perfusion of hippocampal slices with receptor-associated 
protein (RAP) , an antagonist for ligand interactions with LRP, 
significantly reduced late-phase LTP (L-LTP) . In addition, RAP also 
blocked the enhancing effect of synaptic potentiation by exogenous 
tPA in hippocampal slices prepared from tPA knock-out 

mice. Metabolic labeling and ligand binding analyses showed that both 
tPA and LRP are synthesized by hippocampal neurons and 
that LRP is the major cell surface receptor that binds 
tPA. Finally, we found that tPA binding to LRP 

in hippocampal neurons enhances the activity of cyclic AMP-dependent 
protein kinase, a key molecule that is known to be involved in L-LTP. 
Taken together, our results demonstrate that interactions between 
tPA and cell surface LRP are important for hippocampal 
L-LTP. 



